Introduction: Dentinal hypersensitivity (DH) is an acute intensive tooth pain which can lead to dental annoyances during eating and drinking. Stimulating exposed dentinal tubules by either kind of thermal, tactile, chemical and/or osmotic stimuli is believed to be the cause of this pain. It is hypothesized that dentinal tubules' orifice occlusion (DOO) can help relieve such dental irritations. Thus, this systematic review was conducted to evaluate the effectiveness of laser application as a prevention and treatment modality on DH reduction. Methods: Electronic databases (MEDLINE, SCOPUS) were searched among randomized clinical trials from January 2007 to December 2016. The extraction of data and quality assessments were carried out by different independent observers. Results: A total of 499 items were found of which3 9 relevant articles were extracted. The profound findings proved lasers' effectiveness as a treatment of DH. Although some of the researches reported no significant difference between laser and other desensitizing agents, most of the studies suggested that better results (both rapid and long-lasting) were obtained in combined modalities. Furthermore, the preventive role of this new technology has been emphasized as well. Nd-YAG (neodymium-doped yttrium aluminum garnet) and diode lasers reduce DH after bleaching. Lasers can also protect cervical restorations from DH due to tubular occlusion. Moreover, it is suggested to apply lasers in relief of DH following scaling and root planning. Nevertheless, a few researchers dispute its beneficence as a result of placebo effect.
Introduction
Dentinal hypersensitivity (DH) is defined as a fairly specific acute intensive tooth pain which cannot be qualified as any other type of dental pathology. Stimulating exposed dentinal tubules by either kind of thermal, tactile, chemical and/or osmotic stimuli is believed to be the cause of this pain. 1 Dentine hypersensitivity is a very common clinical symptom which has increased in prevalence through the past few years. [2] [3] [4] [5] [6] Epidemiological researches have shown that the prevalence of DH varies from 2.8% in a cross-sectional study of patients visiting general dental practitioners 7 to 98% in a population of patients referred to a specialist periodontology department. 8, 9 Meanwhile, different diagnostic criteria and selection bias in the enrollment of the study samples could be the potential explanations for this vast range of DH prevalence. 8 DH may be initiated under several conditions. Attrition following excessive or parafunctional habits, abrasion subsequent to incorrect brushing technique, and microfractures or abfractures caused by heavy eccentric occlusal forces have been suggested as common predisposing factors. Moreover, erosion due to exposure to chemical products, medication and endogenous acids from reflux or regurgitation of stomach acid will make dentin prone to sensitivity. [10] [11] [12] Even gingival recessions due to abrasion, dehiscences and fenestrations, frenum pulls and orthodontic movement, root exposure following age advances, postdental bleaching, and exposure of dentinal tubules following the removal of supra and/or subgingival calculi could predispose teeth to hypersensitivity. 11, 12 Most often, a combination of these conditions results in dentin hypersensitivity rather than one factor merely. 13 Several theories have been introduced to explain the physiologic mechanisms occurring in DH. 12 The most commonly accepted hypothesis is the classic hydrodynamic theory which was first developed by Brannstrom and Astrom in 1972. In this mechanism, basically, the stimulation of exposed dentinal tubules by certain stimuli leads to an increase in the fluid flow within dentinal tubules. Formerly, the movement of fluid creates a pressure change across the entire dentine which can stimulate individual intrapulpal nerves. Therefore, the ability to block dentinal tubules and reduce the movement of fluid in dentinal tubules or/and block pulpal nerve are considered among the necessities of the ideal treatment of DH. [14] [15] [16] Moreover, the optimal treatment technique must have fast and long-lasting effects in the absence of any pulpal irritation and tooth pain. 8, 17 Many agents and treatment approaches have been used for prevention and treatment of dentine hypersensitivity. In this respect, the desensitizing methods are implemented either by the patient for home use, usually in the form of a dentifrice containing potassium salt, or professionally by a dentist using in-office topical desensitizing agents or very sophisticated equipment such as laser. 17, 18 Laser therapy was first applied for treating dentine hypersensitivity by Matsumoto et al in 1985. 18 Since then, numerous studies investigating the effectiveness of lasers in the treatment of dentine hypersensitivity have been reported. 12, 19, 20 Reviewing the literature, it was shown that low power lasers such as gallium/aluminum/arsenide (GaAlAs) diode laser reduce sensitivity following their effect on the nervous level, whereas the medium power lasers, including CO2, Nd:YAG, and Er:YAG lasers cause desensitization due to dentinal tubules' orifice occlusion (DOO). 13 A combination of laser therapy and desensitizing agents' application has also been suggested to improve the treatment results. 17 Furthermore, the preventive role of this sophisticated technology has been emphasized as well. For example, Nd-YAG and diode lasers are used to reduce DH subsequent to bleaching. Lasers can also protect cervical restorations from DH due to DOO. Moreover, it is suggested to apply lasers in relief of DH following scaling and root planning. [21] [22] [23] Therefore, the objective of this article is to assess the efficiency of the various types of lasers used in dentistry for prevention and treatment of DH.
Methods

Search Strategies
The electronic databases (MEDLINE, SCOPUS) were searched by 2 independent researchers from January 2007 to December 2016 using the following keywords: "dentin sensitivity"[All Fields] OR "dentinal sensitivity"[All Fields] OR "dentin hypersensitivity"[All Fields] OR "dentinal hypersensitivity"[All Fields] AND ("laser"[All Fields] OR "lasers"[All Fields]). All obtained papers were evaluated and selected based on the following inclusion criteria (Figure 1 ): RCTs and in vivo studies conducted in the recent 10 years. In the next stage, the following exclusion criteria were applied: any data missed during the experiment, case reports, case series, letters to editor, in vitro studies, reviews and systematic reviews, studies with confusing or irrelevant data, and any conference proceedings.
Study Selection
Out of 499 results, 39 relevant literatures were selected ( Figure 2 ). The abstracts were reviewed by two independent observers. After the screening and accomplishment of the admissibility criteria, the article was admitted if an agreement was reached. If any disparity was seen between the opinions, a third author was invited to discuss the article. Only those works that fulfilled all criteria were included in the study.
Data Extraction
A standard chart form of the obtained data was prepared separately including authors' names, publication date,
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All obtained papers were evaluated and selected based on the following inclusion criteria ( Figure   1 ): RCTs and in vivo studies conducted in the recent 10 years.
In the next stage, the following exclusion criteria were applied: any data missed during the experiment, case reports, case series, letters to editor, in vitro studies, reviews and systematic reviews, studies with confusing or irrelevant data, and any conference proceedings. 
N= 499
•Electerical search of Pubmed/Medline, Scopus using keywords
N= 302
•Number of papers excluded by filter of publication date: last 10 years n= 197
N= 128
•Number of papers excluded by filter: PUBMED: randomized clinical trial n=97 SCOPUS: articles, dentistry n= 77
N= 71
•Number of papers excluded by: Omittance of duplications n=38 assesment of relevance by title and abstract n=19
N=39
•Number of papers excluded by: assesment of relevance by full text n=32
Study Selection
Out of 499 results, 39 relevant literatures were selected ( Figure 2 ). The abstracts were review by two independent observers. After the screening and accomplishment of the admissibility criteria, the article was admitted if an agreement was reached. If any disparity was seen betw the opinions, a third author was invited to discuss the article. Only those works that fulfilled criteria were included in the study. The study by Pesevska et al 21 compared the effect of lowlevel laser and topical fluoride treatment on DH following scaling and root planing. It was concluded that the reduction of DH by laser was superior to fluoride varnish. Therefore, laser can be successfully used for treatment of DH following scaling and root planing. Another study on different light-activated in-office bleaching systems concluded that bleaching with diode laser resulted in less tooth sensitivity than the other bleaching systems. 22 Moosavi et al 25 also evaluated the efficacy of low-level laser therapy on reducing DH after composite filling. Although both laser and placebo groups experienced a substantial improvement in pain reduction during the follow-up periods, VAS scores were significantly less in the laser group. However, the results obtained from some of the researches 24, [26] [27] [28] have discarded the potential protective role of lasers in DH prevention following bleaching as no significant decrease in tooth sensitivity has been shown after LED/laser treatment. Most of the researches were conducted on the evaluation of the therapeutic effect of lasers in tooth sensitivity. Among these studies, many reported that laser therapy alone or in combination with different modalities was significantly more effective than the placebo treatment. In group 2, eight articles directly compared laser treatment with placebo [28] [29] [30] [31] [32] [33] [34] [35] ; 6 of which reported significant reduction in tooth hypersensitivity. The effect of 30 seconds application of Er,Cr:YSGG on DH in one session was examined in a clinical trial by Yilmaz et al. 29 The authors concluded that the laser irradiation provided a significantly higher desensitizing effect compared with the placebo, immediately after treatment.
Ko et al 30 tested the efficacy of a low-level laser-emitting toothbrush (635 nm, 55 seconds) on the management of DH. In this double blind randomized clinical trial, VAS was significantly decreased in laser group than LED group. It was concluded that the application of laser emitting toothbrush is a safe and effective treatment option for the management of DH. In another randomized controlled double-blind split mouth clinical study, 32 the desensitizing effects of Er,Cr:YSGG and GaAlAs lasers have been compared with placebo on DH. The authors concluded that both Er,Cr:YSGG and GaAlAs lasers were effective in the treatment of DH following a single application. Yimaz et al 33 also reported that the Er,Cr:YSGG laser is effective in the treatment of DH compared with the placebo treatment. Another study that compared the dentin desensitizing effect of 3 type of lasers (diode, Nd:YAG and Er:YAG) with placebo on teeth with gingival recessions concluded that lasers can be used for DH reduction. 34 The effect of low-level laser toothbrushes in reduction of dentin hypersensitivity was evaluated by Yaghini et al, 36 and concluded that laser toothbrushes reduce dentin hypersensitivity more than conventional toothbrushes. However, studies conducted by Aranha et al 37 (compared the effect of different types of erbium laser with placebo) and Kossatz et al 28 (examined diode laser against placebo) did not show any significant effective results. Therefore, lasers might have shown a placebo effect but mostly limited to a short time. Group 3: Based on our review, most of the researchers studied the treatment effect of lasers versus desensitizer chemical agents. Some trials reported that laser was more effective than chemical agents. Sicilia et al 38 evaluated the immediate efficacy of diode laser (810 nm) and potassium nitrate bioadhesive gel (10%) in the reduction of DH. A significant immediate response was observed in the laser group. Kara et al 39 compared the effects of the Nd:YAG laser and fluoride varnish on DH in a similar study, and concluded that Nd:YAG laser is a suitable treatment for immediate reduction of DH and leads to a better patient satisfaction. The same results were concluded by Lee et al on the immediate effect of Er,Cr:YSGG laser in DH reduction. 40 Raichur et al 41 also examined the efficacy of diode laser versus stannous fluoride and potassium nitrate gels in the treatment of DH. There was a statistically significant decrease in all groups but the greatest difference in the DH scores was reported in the laser group which showed immediate relief as compared to the other methods. In a study by Yilmaz et al, 42 GaAlAs laser was found more effective, faster and more comfortable than the traditional DH treatment approach (NaF). This result is concurrent with Soares' findings on the superior effects of Nd:YAG and GaAIAs laser in comparison to neutral fluoride gel. 43 Pesevska et al 21 reported that low-power Thermal evaporative VAS 7 days Pain scores of placebo groups were significantly higher than those of the desensitizer's and diode lasers (P < 0.05). Significant DH reduction was observed in 7 days with the use of the desensitizer and low-level laser therapy with no statistically significant difference (P > 0.05). 
VRS
6 months VRS scores were significantly lower for the other four treatments than for NaF gel alone (P +/-0.001).
No superiority was found for desensitization among the CO(2), Er:YAG, CO(2) + NaF, and Er:YAG + NaF groups. Thermal Evaporative VAS 6 months OG and LILT showed significantly higher sensitivity immediately compared to Gluma Desensitizer and SP (P=0.0165). However, after 6 months, all therapies showed lower sensitivity compared with baseline presenting no statistically significant differences. laser treatment was more effective than topical fluoride for relieving dental hypersensitivity following scaling and root planning. In most of the researches, the combination of laser and desensitizer agents was more effective [44] [45] [46] [47] [48] [49] [50] for example, Suri et al 44 compared the effectiveness of GaAlAs laser alone and combined with the NaF varnish in treatment of DH. Even though both of them showed significant reduction in DH, the combination of fluoride varnish with diode laser led to the best results. 44 In another study, Genovesi et al 45 also reported that there were no significant differences among Er:Yag and CO2 laser groups as well as the fluoride gel and placebo group. However, Er:YAG and CO2 lasers together with fluoride gel were proved to be useful in the treatment of dentine hypersensitivity. Ipci et al 46 in a similar study concluded that lasers (CO2 and Er:YAG) in combination with NaF gel showed a better efficacy for DH relief compared to each treatment alone. A significant effect of combined desensitizer toothpaste and diode laser therapy was also shown in the treatment of DH in gingival recessions. 47 In a similar work that assessed different treatment protocols of Nd:YAG Laser, Gluma et al showed that all of the protocols were effective in reducing DH; however, the dual application of laser and Gluma Desensitizer was an effective treatment which had immediate and long-lasting effects. 48 Femiano et al 49 also evaluated the desensitizing efficacy of sodium fluoride solution, diode laser, and their association together with a solution of hydroxylethylmethacrylate and glutaraldehyde (HEMA-G: Gluma desensitizer) in cervical dentin hypersensitivity. The best result was reported for the combined treatment. Mogharehabed et al 50 reported that the application of sodium fluoride varnish and Nd:YAG for the treatment of dentin hypersensitivity is accompanied by a placebo effect; however, this positive effect was more noticeable for the combined group (fluoride-laser) compared to the other groups. In spite of preceding conclusions, Bal et al 51 reported that the combination of low-level laser and arginine-calcium carbonate desensitizing paste did not improve the efficacy of DH reduction beyond what was attainable with either treatment alone. In contrast, as few researches have shown, chemical agents were more effective than laser. Tengrungsun et al 52 made a comparison between the efficacy of the GaAlAs laser and dentin bonding agent in DH treatment and reported that the dentin bonding agent had more desensitizing efficacy compared to the GaAlAs laser. Dantas et al 53 also showed that a short time treatment with fluoride was more effective than GaAlAs laser for DH reduction. Lopes et al 54 compared low-power laser, Gluma (as a desensitizing agent), and their combination effect on dentin hypersensitivity treatment. The authors concluded that all of the methods were efficient in reducing pain but Gluma showed immediate effects. In another study, 55 the effectiveness of cyanoacrylate and low-power laser in the treatment of DH was evaluated. It was suggested that cyanoacrylate is as effective as laser in reducing DH. This is to say that cyanoacrylate is a more accessible and lowcost procedure and can be safely used in DH treatment. It is worth to note that some researchers have shown multifaceted results. For instance, Aranha et al 31 compared the effect of different desensitizers (Gluma, fluoride) with low-level laser on DH for a period of 6 months. They concluded that both therapies demonstrated lower VAS compared with the baseline. However, LLLT (GaAlAs) presented a gradual reduction in DH while Gluma showed immediate effect on hypersensitivity. Lund et al, 56 in their study assessing the effectiveness of sodium fluoride gel and diode laser (infrared) for dentin hypersensitivity, proposed that there was no difference among the groups. In a similar study, Ehlers et al 57 reported that both Gluma and Er:YAG laser have shown an equal effective reduction of cervical DH. Orhan et al 58 also suggested that low-level laser therapy and desensitizer application have presented similar reduction in moderate DH.
Group 4:
The lasers used for dental treatment are usually divided into 2 groups: low-power lasers (He-Ne and GaAlAs lasers), and high-power lasers (Nd:YAG , Er:YAG, Er,Cr:YSGG and CO2 lasers). Different studies have assessed various types of lasers for DH treatment. Aranha et al 37 compared two types of high-power laser (Er:YAG and Er,Cr:YSGG lasers) on DH and concluded that although none of the lasers could eliminate pain completely, both lasers were suitable for the treatment of DH. Another work reported that no significant difference was found between Er,Cr:YSGG and GaAlAs laser at follow-up sessions although both were effective after single application. 32 Comparison of the desensitizing effect of Er:YAG, Nd:YAG, and GaAlAs (diode) lasers on DH has shown that Nd:YAG laser is more effective than Er:YAG and diode laser. 34 A similar research on the effect of Nd:YAG and Er:YAG lasers on teeth sensitization, concluded that Nd:YAG laser is more effective than Er:YAG laser. 35 Another study also reported that both CO2 and Er:YAG lasers are effective in the management of DH. 46 Ladalardo et al 18 conducted a research on the effectiveness of 2 types of low-power lasers (660 nm wavelength red, and 830 nm wavelength infrared) on DH. Their results showed that the red diode laser was more effective than the infrared laser and most of the desensitizing effects were observed within 15 and 30 minutes after irradiation. Moosavi et al 59 in contrast reported opposing assumption that infrared laser was significantly more effective. With respect to the increasing prevalence of DH, a comprehensive survey on the modern therapeutic methods such as laser therapy was demanding. Despite various treatment modalities, few valid studies are available in this area. Diagnostic criteria are less reliable and mostly count on patients' report. Also, the use of different types of lasers, different methods and wavelengths, and conflicting findings were the restricting factors in terms of reaching a decisive conclusion. Furthermore, a great variation in types of desensitizing agents, the sample size and the number of patients in each group, follow-up periods, and assessment protocols were also among the limitations of this systematic review. With regard to the results of the present review, it seems that laser is useful not only for the treatment, but also as prevention of DH. Furthermore, based on the experimental studies, laser application leads to tubuli orifice occlusion and decreases the dentine hydraulic conductance but has no effect on the mineral composition. High-power lasers (Nd:YAG and Er:YAG lasers) result in the reduction of dentine permeability mostly by sealing opened tubules; however, low-power lasers (diode lasers) affect DH probably by decreasing the dentinal fluid flow. Finally, laser treatment could reduce DH but its efficacy may be the same as desensitizing agents. Nevertheless, a few researchers dispute its beneficence as a result of placebo effect. Irrespective of the fact that laser has several advantages such as long-lasting analgesic effects and seems to be safe, due to its high cost, it is not considered as a first choice of treatment. The results attained in the present study are in consistent with Lin et al's meta-analysis, 60 which suggested that lasers were significantly more effective than placebo in reducing DH. However, this study did not consider the different types of lasers. The present results are in contrast with the systematic review of Sgolastra et al 20 conducted in 2011. This difference could be related to the very few numbers of studies evaluated in their study.
Conclusion
Although the results obtained from 39 studies appraised in this systematic review were conflicting, most of them verified the clinical efficacy of laser in prevention and treatment of DH symptoms. Some of the researches have reported no significant difference between laser and other desensitizing agents, and most of the studies proposed better results (both rapid and long lasting) in combined modalities. Moreover, it was concluded that among various types of lasers, the application of Nd:YAG laser has shown the best results in DH treatment.
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